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Abstract. Generalized parton distributions provide a unifying framework for the interpretation of
exclusive reactions at high Q2. The most promising reaction for the investigation of these distri-
butions is the hard production of photons using Deeply Virtual Compton Scattering (DVCS). This
reaction can be accessed experimentally by determining the production asymmetry using polarized
electrons on a proton target. Pioneering experiments with CLAS and HERMES have produced the
first measurements of this asymmetry. We will review the current experimental program to study
DVCS at Jefferson Lab. Recent high statistics data taken with CLAS at 5.75 GeV allows us to
determine this asymmetry at low -t in the valence region (xB=0.1-0.5) up to a Q2 of 4 GeV2/c2.
INTRODUCTION
Historically electron scattering experiments have focussed either on the measurements
of form factors using exclusive processes or on measurements of inclusive processes
to extract deep inelastic structure functions. Elastic processes measure the momentum
transfer dependence of the form factors, while the latter ones probe the quark’s longitu-
dinal momentum and helicity distributions in the infinite momentum frame. Form factors
and deep inelastic structure functions measure two different one-dimensional slices of
the proton structure. While it is clear that the two pictures must be connected, a common
framework for the interpretation of these data have only recently been developed using
Generalized Parton Distribution (GPD) functions [1, 2, 3]. The GPD’s are two-parton
correlation functions that encode both the transverse spatial dependence and the longi-
tudinal momentum dependence. At the twist-2 level, for each quark species there are two
spin-dependent GPD’s, ˜E(x,ξ ,t) and ˜H(x,ξ ,t), and two spin averaged GPD’s, E(x,ξ ,t) and
H(x,ξ ,t). The four GPD’s are each functions of the longitudinal momentum fraction x,
the longitudinal momentum transfer ξ , and the four-momentum transfer t. The first x
moment of the GPD’s links them to the proton’s form factors, while at t=0, the GPD’s
H and ˜H reduce to the quark longitudinal momentum q(x) and the quark helicity dis-
tributions ∆q(x), respectively. The new physics which can be accessed using exclusive
reactions is contained in the dependence on ξ and t. The t dependence is directly related
to the distribution of the parton densities as a function of impact parameter [4]. Map-
ping out the GPD’s will allow, for the first time, to obtain a 3-dimensional picture of the
nucleon [5].
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FIGURE 1. a) Deeply virtual Compton scattering (DVCS) and b) Bethe-Heitler processes contributing
to ep→ epγ scattering.
DEEPLY VIRTUAL COMPTON SCATTERING
Deeply Virtual Compton Scattering (DVCS) is one of the key reactions to determine the
GPD’s experimentally, as it is the simplest process that can be described in terms of the
GPD’s. This reaction is also expected to enter the Bjorken regime at relatively low pho-
ton virtuality compared to exclusive meson production. Fig. 1 shows two contributions
to the production of ep→ epγ events. At present CEBAF energies, the reaction is dom-
inated by the Bethe-Heitler (BH) amplitudes. However, the interference term between
DVCS and BH can be probed using polarized electron beams. The interference term is
given by
I = T ∗DVCSTBH + TDVCST
∗
BH , (1)
Only the imaginary part of the DVCS amplitude survives in the single beam asymmetry
ALU which is accessible experimentally. In this case, the small DVCS amplitude which
depends on the GPD’s, is amplified by the larger but well-known BH amplitude. The
interference term is dominated by the sinφ moment, where φ is the angle between
the γ∗γ plane and the electron scattering plane. At this level of approximation, the
interference term is a linear combination of Compton Form Factors (H ,H˜ ,E )
ALU(φ) ∝ ℑm
(
F1H +
xB
2− xB
(F1 +F2)H˜ −
∆2
4M2
F2E
)
sinφ (2)
where F1(t) and F2(t) represents the elastic Dirac and Pauli form factors, respectively.
The Compton Form Factors are related to the corresponding GPD’s via convolution in-
tegrals [6]. Thus the magnitude of the azimuthal asymmetry probes a linear combination
of GPD’s.
FIGURE 2. Kinematic coverage of data taken at 5.75 GeV showing a) Q2 vs. xB and b) Q2 vs. −t.
Q2(GeV/c)2
xB −t (GeV/c)2
DATA SAMPLE AND EVENT SELECTION
Preliminary results are now available from an extensive data set taken with the CLAS
detector [7], which was taken at a beam energy of 5.75 GeV. The data set corresponds
to an integral luminosity of 2.6× 1040cm−2 accumulated on a 5-cm-long unpolarized
hydrogen target. The data were taken at a typical luminosity of 0.9×1034cm−2s−1 and
the average electron beam polarization was 70%. The kinematic coverage for W > 2
GeV is shown in Fig. 2 with xB ranging from 0.1 to 0.5 and Q2 up to 4 GeV2/c2 at large
xB. The data also covered a large range in momentum transfer −t, but analysis of DVCS
was restricted to −t < 0.5 GeV2/c2.
Events are selected with positive identification of the electron in the Cerenkov counter
and electromagnetic calorimeter (EC), and the proton by time-of-flight and momentum
reconstruction. The ideal experiment would also detect the scattered photon, but the
EC has limited coverage down to only 8◦ and therefore generally misses the scattered
photon from the DVCS process. The missing mass resolution of CLAS cannot cleanly
separate the eppi0 from epγ reactions, and in previous analyses we have extracted the
yield by fitting the missing mass distribution to the sum of those two distributions [8].
At higher energies, this procedure becomes more difficult and we use the following
selection criteria to obtain a clean sample of epγ events: veto photons from pi0 decay in
the EC, select data at low −t using the lab angle of the scattered photon relative to the
virtual photon θγ∗γ ≤ 0.12 rad, and require that the missing mass squared M2X ≤ 0.025
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FIGURE 3. The beam spin asymmetry as a function of azimuthal angle for a) the published
data at beam energy of 4.25 GeV and b) the new data sample at 5.75 GeV averaged over the
entire kinematic range of the data. The increased statistics available at the higher energy will
allow mapping out the asymmetry as a function of Q2, xB and t.
GeV2 [9].
The beam spin asymmetry at 5.75 GeV averaged over the entire data sample is shown
in Fig. 3 compared to our published data at 4.25 GeV [8]. The beam spin asymmetry
is well described by a sinφ distribution, which is expected if the handbag diagram
dominates. The small sin2φ component is of order 10%, and can be used to place limits
on the size of twist-3 contributions. The increased statistical power of the new event
sample is reflected in the size of error bars. This will allow us to map out the dependence
of the asymmetry as a function of x and −t up to a Q2 of about 4 (GeV/c)2.
FUTURE PROSPECTS
The data presented so far is only the first step toward probing GPD’s at Jefferson Lab.
There are two dedicated DVCS experiments approved to run using 6 GeV polarized
electron beams [10]. The first experiment E00-110 is scheduled to be run in Hall A [12]
and is designed to determine both beam spin asymmetries and cross section differences
in three Q2 intervals, for fixed values of xB. The second experiment, to take data with
CLAS, will use dedicated apparatus to over-determine the reaction kinematics [11]. This
experiment is building a a forward calorimeter to directly detect the scattered photon and
a solenoidal magnet to improve the shielding of Møller backgrounds from the target to
achieve higher luminosity. The study of GPD’s to higher precision and higher Q2 will
continue as one of the main research programs driving the CEBAF upgrade to 12 GeV
[13].
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